Using electron and magnetic field data obtained from the Cluster satellites, we identify the spatial distribution of highly accelerated electron distributions up to 10 keV. They are generally isotropic and form flat-top distributions in the phase space. These distributions are observed in the vicinity of the X line associated with the quadrupole-like magnetic field and energetic ions, throughout the plasma sheet. In some cases, these distributions are quasi-stable, continuously observed for a few minutes with a stable B z polarity and low current density in the center of the plasma sheet.
INTRODUCTION
Acceleration and thermalization of plasmas at a magnetic neutral line (X line) are considered to be important processes in space physics. In the magnetosphere, past in-situ satellite observations have detected a number of interesting plasma distributions, and their discovery has contributed to reveal the nature of dynamic processes in the X line. One of such unique plasma distributions is an electron flat-top distribution. This is a highly accelerated distribution with its phase space density almost same in the lower-energy part (< a few keV), which is also referred to as "truncated cone" . Since this distribution is usually observed around the X line, it is sometimes used as an indicator of the X line location (Shinohara et al., 1998; Asano et al., 2004; Nagai et al., 2005) . However, its origin has not yet been revealed. In this paper we examine such flat-top distribution data using Cluster data, and identify the characteristics of such distributions.
OBSERVATIONS
In this paper, we use electron PAD (pitch-angle distribution) data from the PEACE instrument (Johnstone et al., 1997) and magnetic field data from the FGM instrument (Balogh et al., 2001) . Ion velocity moment data calculated from the proton (CODIF) or ion (HIA) measurement by the CIS instrument (Rème et al., 2001 ) are also used. Definition of the flat-top distributions is: (1) Estimated electron temperature using Maxwellian fit is more than 1 keV; (2) Phase space density in the 3-5 keV-range is more than 75% of that between 1-3 keV; and (3) Phase space density of the flat-top range, namely, both in the 1-3 keV-range and the 3-5 keV-range is less than 1.0×10 -18 s 3 m -6 . Current density is calculated from the magnetic field of the four satellites using the curlometer technique. Figure 1 is an example of such flat-top distributions, observed on September 18, 2002, at [-17.7, 4.0, 0.2 ] R E in the geocentric solar magnetospheric (GSM) coordinate system. Electron energy-time spectrograms (energy-flux) for satellite 1 (CL1) to satellite 4 (CL4) are shown from top to bottom. We can see that from 1325 UT to 1328 UT (CL1, CL2), to 1334 UT (CL3), and to 1330 UT (CL4), bulk electron energy is higher than those in the other intervals, more than 1 keV. It is also found that the flux in the low-energy part (< 1 keV) is distinctively small, frequently less than one count level (white). Figure 2 We can easily find that up to 60000 km s -1 (10 keV), the phase space density is almost same and low (~ 0.8-1.0 ×10 -19 s 3 m -6 ), while it rapidly decreases as the energy increases in the region more than 10 keV. Such flattop distribution can be observed almost continuously for more than 8 min.
Then, we picked up six events from 2001 to 2004, and statistically investigate on which condition this flat-top distribution is observed. All the data are obtained in the magnetotail (-20 R E < Xgsm < -15 R E ) and slightly on the dusk side around the midnight-meridian (0 R E < Ygsm < 10 R E ). Note that all events except one are with a flow reversal event, namely, the direction of the fast plasma flow changes from tailward (Earthward) to Earthward (tailward) in the course of each event. From each satellite data we sampled 1604 flat-top distribution data, two slices (125msec) in one spin (4 sec), and the magnetic field of the corresponding interval is calculated from the 22 Hz magnetic field data. Figure 3 (a,b) shows the magnetic field property of the flat-top distribution: panel (a) shows the B x -B z relation and panel (b) shows the B x -B y signature. Flat-top distributions during the Earthward flow (V x > 0) are shown in red while those during the tailward flow (V x < 0) are shown in blue. From both panels, it is found that the appearance of the flat-top distribution does not depend on the intensity of |B x |. In the panel (a) it is clearly shown that the polarity of the B z is associated with the direction of the flow. 97% of the Earthward flow cases are associated with the positive B z and 77% of the tailward flow cases are associated with the negative B z . Furthermore, average intensity of |B z | for each flow direction is slightly high ~ 5 nT, up to 10 nT, which is larger than the normal B z in the region Xgsm ~ -20 R E . In the panel (b), B y clearly shows the quadrupole-like magnetic field consistent with the Hall current system around the X line (Sonnerup, 1979; Nagai et al., 2001 Nagai et al., , 2003 Asano et al., 2004) , namely, positive on the northern hemisphere of the Earthward side of the X line (Earthward flow) and southern hemisphere of the tailward side (tailward flow), while negative on the southern hemisphere of the Earthward side and northern hemisphere of the tailward side. Figure 4 (a) shows the relative occurrence of the current density inside the plasma sheet (B gx < 15 nT) when at least one of the four satellites observed a flat-top distribution, here B gx is the x-component of the barycentric magnetic field among the four satellites. The important result in this figure is that while some of the flat-top distribution is associated with large current density, more than 40% of the flat-top distribution is associated with small current density (j y < 3 nA m -2 ), which means that it is not necessarily associated with a thin current sheet, but sometimes in a thick current sheet or a current sheet structure with weak current density in the center. On the other hand, Figure 4 (b) shows the ion density during the flat-top distributions. Data points are dominantly located in the low-density region ~0.05 cm -3 which is much lower than the usual plasma sheet in this region (> 0.3 cm -3 ).
DISCUSSION
Considering the results presented in the previous section, we may identify the probable location of the observed flat-top distribution. First, we can say that the distribution spreads over the plasma sheet from the neutral sheet to the off-equatorial region. The results of clear quadrupole-like magnetic field and low density even in the neutral sheet (i.e., high temperature) indicate that the distribution is near the ion diffusion region. These characteristics are consistent with previous results (Asano et al., 2004) . On the other hand, finite |B z | intensity associated with low current density around the center of the plasma sheet indicates that the distribution is also near the region of dipolar magnetic field. Combining both of these signatures and considering most of the data are associated with fast plasma flows, it is likely to be in the region just around the transition region from the ion diffusion region to the pileup region of the dipolar magnetic field flux ( Figure 5 ).
The result does not mean that the distribution is generated in all of the detected area because the distribution can be transported with the fast outflow ~ V A . One of the candidates to create such distribution is scattering of energetic field-aligned beams. Smets et al. (1998) discussed the possibility of the scattering process of field-aligned beams and its transient time to be transported downstream of the X line, although it is exactly the same flat-top distributions as we examined here. While Hoshino et al. (2001) proposed the thermalization process of the inward electron beams into the X line related to the Hall current distribution near the plasma sheet-lobe boundary to the flat-top distribution, which tends to be observed in the off-equatorial region, however, our result shows the Figure 5 . Schematic picture of the location of electron flat-top distributions distribution exists rather in the wide area. Imada et al. (2005 Imada et al. ( , 2007 showed that the supra-thermal electrons are observed in the pileup region of the magnetic field. Our result of the flat-top distributions, on the other hand, are rather nearer to the X line with the fastest ion outflow, and considered to be associated with another acceleration mechanism. Further discussion will be presented in our next paper.
SUMMARY
Using Cluster data, we identified the characteristics of electron flat-top distributions observed around the X line. It is found that the appearance of the distribution is associated not only with quadrupole-like B y field and density depletion but also with finite |B z | larger than the normal value and the low current density around the neutral sheet. They are not related to the intensity of |B x | and considered to spread over the plasma sheet. Combining these results it is likely that the distribution tends to be located in the transition region from the ion diffusion region to the B z pileup region outside the diffusion region in the down stream of the outflow region from X lines.
